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© A method of writing a sector servo pattern for a record disk storage device. 



© In order to write a servo pattern on each of a 
plurality of record disks (18, 62) in a data storage 
device, first and second base patterns (51, 52) are 
first written on one (18) of the disks. The first base 
pattern (51) comprises a series of portions spaced 
along one radius of the disk, an individual one of the 
portions being situated at each track centre. The 
<^ second base pattern (52) comprises a set of pattern 
^ portions, an individual one of the portions lying sub- 
l^stantially continuously over each radius of a plurality 
Oof radii defining the positions of servo sectors. A 
^sector servo pattern is then written on each of the 
|S, record surfaces of the disks (18, 62) under control 
CS| provided by detection of the base patterns (51, 52) 
W 0 n the one disk (18). The latter operation of writing 
©the sector servo patterns on the disks need not be 
^ performed in a clean room. 
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A METHOD OF WHITING A SECTOR SERVO PATTERN FOR A RECORD DISK STORAGE DEVICE 



This invention relates to a method of writing a 
sector servo pattern on the recording surfaces of 
record disks in a data storage device. 

Recently, as the physical size of disk storage 
devices has been reduced and their storage capac- 
ity has been increased, attention has been paid to 
a sector servo system as a head positioning sys- 
tem applicable to such a small physical size and 
large storage capacity disk storage device. 

Compared with a servo-surface-servo system 
using a dedicated servo surface, this system has 
the following advantages. 1) the information re- 
quired for positioning a transducer head is not 
recorded on a non-data-recording disk, but is re- 
corded at each sector track on a data recording 
surface, whereby the total recording area in the 
disk storage device can be effectively used, and 2) 
since the information required for positioning the 
transducer head is arranged on each surface of the 
disk, deviation (off-track) of the head from the posi- 
tion of the target track due to inclination of the 
spindle shaft for rotating the disk can be ignored. 

Figure 10 of the accompanying drawings 
shows an arrangement of a servo pattern for head 
positioning on a recording surface in a conventional 
sector servo system. In the figure, each of servo 
patterns 3 is provided at the leading position of 
each section on a recording surface 2 of a disk 1 . 
Figure 11 shows an enlarged view of each of the 
servo patterns 3. Each of the servo patterns 3 
includes an index servo pattern 3A and a sector 
servo pattern 3B. The index servo pattern 3A pro- 
vides positional information on tracks (along the 
circle), the sector servo pattern 3B provides posi- 
tional information on sectors (along the radius) and 
both the patterns 3A and 3B are disposed on the 
same track center 5. A fixed distance is provided 
between the patterns 3A and the patterns 3B on 
adjacent tracks, and the patterns 3A and 3B are 
arranged discontinuously in a radial direction. 

Now, in order to write the servo patterns 3 on 
the disk 1 , the following method has been conven- 
tionally used. That is. after all the disks have been 
fixed to a spindle shaft in a disk device and in- 
stalled therein, a dedicated, highly accurate posi- 
tion detecting mechanism has been employed to 
write the servo patterns 3. This is because, if the 
disks were assembled into the disk device after 
writing servo patterns on the disks, it would be 
impossible to cope with errors due to the eccentric- 
ity produced in fixing the disks to the spindle shaft. 

Such a conventional method is troublesome 
and of low productivity, because the servo patterns 
have to be written on the disk while, for each of the 
disk devices, its shroud is removed in a 



contamination-free environment such as a clean 
room and a highly accurate position detecting 
mechanism using lasers or a clock head has to be 
employed. 

5 As described above, with conventional technol- 

ogy, the operation of writing servo patterns con- 
stitutes a large part of the cost of the products. 

The present invention seeks to provide a more 
efficient method of writing servo patterns. 

70 The invention provides a method of writing a 

sector servo pattern on each of a plurality of record 
disks in a data storage device, the method com- 
prising the successive steps of (a) writing first and 
second base patterns on one of the disks, the first 

75 base pattern comprising a series of portions 
spaced along one radius of the disk, an individual 
one of the portions being situated at each track 
centre, and the second base pattern comprising a 
set of pattern portions, an individual one of the 

20 portions lying substantially continuously over each 
radius of a plurality of radii defining the positions of 
servo sectors; and (b) writing a servo sector pattern 
on each of the record surfaces of the disks under 
control provided by detection of the base patterns 

25 on the one disk. 

Preferably, the process for writing servo pat- 
terns is divided into a pre-operation carried out 
before the disks are installed into the disk device 
(fixed to the spindle shaft) and a post-operation that 
30 is carried out after the installation. In the pre- 
operation, the following two base patterns are writ- 
ten on the recording surface of the disk, namely, 
(a) a first base pattern arranged on each track 
center along one radial direction of the disk and (b) 
35 a second base pattern lying substantially continu- 
ously along the radial direction at each position 
corresponding to the position of a sector (see 
Block A in Figure 1). 

Then, the disks are assembled or installed into 
40 the disk device together with blank disks (see 
Block B in Figure 1). In the post-operation, the 
servo patterns are written based on the first and 
second base patterns (see Block C in Figure 1). 
Here, the expression "substantially continuously" 
45 also includes the case where the number of dis- 
continuous portions is smaller than that of the first 
base pattern even if some discontinuous portions 
are present in the base pattern, besides the case 
where the base pattern is completely continuous 
so along the radial direction. 

Since the second base patterns are formed 
substantially continuously along the radial direction, 
even if the disks on which the first and second 
base patterns have already been written, are moun- 
ted eccentrically to the spindle, the head used in 
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the post-operation . can always pass through the 
above-mentioned second base patterns while the 
disk is rotating. In other words, in spite of the 
eccentricity, the head can get information about 
positions of a predetermined waveform (on sector 
positions). Accordingly, if the pre-operation is done 
at the same time for a plurality of disks, and the 
post-operation is done by using the disks obtained 
in that way. the post-operation does not necessarily 
need to be done in a clean room, and the position 
detecting mechanism used in the post-operation is 
not required to detect absolute positions but only 
relative positions. Since highly accurate position 
detection with respect to absolute positions is not 
required, the servo pattern writing operation is sim- 
pler, and complex equipment is not required. 

How the invention can be carried out will now 
be described by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a flowchart of a servo pattern 
writing method embodying the invention; 

Figure 2 is a diagram of a base pattern 
writing device used in a pre-operation in a method 
embodying the invention; 

Figure 3 is a block diagram of a control unit 
of the base pattern writing device of Figure 2; 

Figure 4 is . a diagram of base patterns writ- 
ten on a disk in the pre-operation; 

Figure 5 is a magnified view of part of the 
base patterns of Figure 4; 

Figure 6 is a flowchart of the pre-operation; 

Figure 7 is a sectioned diagram of an optical 
position detecting mechanism and a disk pack 
used in a post-operation; 

Figure 8 is a flowchart of the post-operation; 

Figure 9 diagrammatically represents the 
writing of servo patterns under the control of the 
detected second base patterns in the post-opera- 
tion; 

Figure 10 is a diagram of an index and 
sector servo pattern; and 

Figure 1 1 is a magnified view of part of the 
sector servo pattern of Figure 10. 

Figure 2 shows a writing device 1 0 for writing 
base patterns, which is employed in a pre-opera- 
tion. The writing device 10. which is not a disk 
storage device itself, includes a rotary motor 13 
and a linear motor 14, both operating under the 
control of a control unit 12. A plurality of disks 18 
are mounted on a spindle shaft 16 driven by the 
rotary motor 13. and their positions in the direction 
of rotation can be detected with high accuracy by 
precise patterns 20 provided along the circum- 
ference of the spindle 16 and a sensor 22. 

Also, an individual writing head 24 is located 
on one side of each disk 18. and these heads 24 
are coupled with the linear motor 14 through a 
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common carriage 26. The carriage 26 includes 
precise patterns 28 along the direction of move- 
ment thereof, that is. radially of the disk 18. The 
position of the heads 24 is detected with high 
5 accuracy by the precise patterns 28 and a sensor 
29. 

The control unit 12 (Figure 3) includes a CPU 
30. which supplies a control signal to a head driv- 
ing amplifier 32, a writing pattern generator 34, a 
io sector counter 36. and a motor control unit 38. The 
CPU 30 receives a detected signal from a pattern 
detecting unit 40. The sector counter 36 is supplied 
through a PLL 42 with signals corresponding to the 
positions of angles of rotation of the disk 18 from a 
75 frequency detector 44 to count the number of the 
signals. When the number of the signals reaches a 
specified count, the sector counter 36 supplies a 
certain output signal to the pattern detecting unit 
40 and the writing pattern generator 34. The writing 
20 pattern generator 34 supplies a writing signal to the 
amplifier 32 in response to the signal from the 
sector counter 36, and the pattern detecting unit 40 
supplies a read-out signal to the CPU 30 in re- 
sponse to the signal from the sector counter 36. 
25 Figure 4 shows the first and second base patterns 
51 and 52 which are written in the pre-operation on 
the recording surface 50 of each disk 18. The first 
base pattern 51 is written along one particular 
radius of the disk, while the second base pattern 
30 52 is repeated at angular intervals corresponding to 
the positions of the sectors. 

Figure 5 shows an enlarged view of the base 
patterns 51 and 52. The distance between the 
centers of adjacent first base patterns 51 along the 
35 radial direction is made equal to that between the 
centers of adjacent tracks. Thus the first base 
patterns 51 provide positional information about the 
tracks (positional information along the radial direc- 
tion). The second base pattern 52 is formed sub- 
40 stantially continuously along the radial direction, 
and especially, in the embodiment shown in the 
drawing, the second base pattern 52 is completely 
continuous along the radial direction. The second 
base pattern 52 provides positional information re- 
45 lating to the sectors (positional information in the 
direction of rotation). Since the pattern 52 is con- 
tinuous along the radial direction, the head can 
always obtain positional information in the direction 
of rotation while the disks rotate in the post-opera- 
50 tion (described below). 

Figure 6 is' a flowchart of the preferred pre- 
operation, in which the second base patterns 52 
are written after completion of the writing of the 
first base patterns 51 . 
55 One of the disks 18 on which the first and 

second base patterns 51 and 52 have been written 
is then fixed to the spindle shaft of the data storage 
device in an assembly operation, together with 
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blank or raw disks on which the base patterns have 
not been written. 

Now, the post-operation will be described. 

Figure 7 represents a disk storage device in- 
cluding a disk pack 60 containing the disk 18 on 5 
which the base patterns have been written and a 
plurality of blank disks 62, fixed to a spindle shaft 
64. Heads 66 are disposed on both surfaces of the 
disk 18 and on the surfaces of each of the blank 
disks 62. The heads 66 are moved along the radial 10 
direction by a common carriage 68. A transparent 
window 70 is provided at one part of the disk pack 
60, and an optical position detecting means 72 is 
located on the outside of the window 70. Movement 
of the carriage 68 is detected through the window is 
70 by the optical position detecting means 72. The 
detecting means 72 is not designed to obtain the 
absolute value of an amount of movement but 
merely so as to confirm that the heads 66 are 
stopping during rotation of the disks. Accordingly, 20 
variations in the reflectivity and the thickness of the 
window 70 do not interfere with the post-operation 
at all. 

Figure 8 is a flowchart of the post-operation. In 
the post-operation, the heads 66 are caused to 25 
seek-operate to position the heads 66 on the first 
track based on the first base pattern 51 (see Block 
A in Figure 8). Then, the spindle shaft 64 is made 
to rotate with the heads 66 fixed, using the optica! 
position detecting mechanism 72 (see Block B in 30 
Figure 8) to read out the second base patterns 52 
with the head 66 on the disk 18 set at the read-out 
mode (Block C). The servo patterns 3 (Figure 10) 
are written on the recording surface of the blank 
disk 62 in synchronism with the read-out of the 35 
second base patterns 52 (Block D). 

Figure 9 represents the servo patterns 3 after 
they have been written on the disks 62 based on 
the second base pattern 52 on the disk 18 by the 
above-mentioned method. As shown in the figure, 40 
the servo patterns 3 are also written on the record- 
ing surfaces of the disk 18 itself, and the first and 
second base patterns 51 and 52 which were written 
on the disk 18 are finally erased (see Block E in 
Figure 8). The disk 18 is utilized as a record disk in 45 
the same way as the other disks 62. 

Although the pre-operation has to be per- 
formed in a clean room, the base patterns 51 and 
52 can be written on a plurality of disks 18 at the 
same time. Accordingly, since it is unnecessary to 50 
carry out the post-operation in a clean room, the 
method according to the present invention is supe- 
rior in productivity to the conventional method in 
which servo patterns are written in a clean room for 
each disk storage device.. The post-operation does 55 
not require a lot of time and labour for removing 
shrouds. 

Because the optical position detecting means 



72 used in the post- operation only needs to detect 
a fixed state of the heads 66, it may be a simple 
mechanism. Further, only the addition of a simple 
construction to provide the transparent window 70 
on the side of the disk pack 60 is necessary. 
Accordingly, the cost of performing the post-opera- 
tion is only a small portion of the overall cost. 

In place of the optical position detecting means 
72 in the above-described embodiment, a mecha- 
nism for detecting the absolute position may be 
used. In general, in the case where an external 
absolute position detecting mechanism is used, 
there sometimes occurs a problem with regard to 
accuracy due to factors of temperature drift, vibra- 
tion and the like. But, calibration in positioning can 
be easily performed by using the base patterns 51 
and 52. Though poor in accuracy, it is possible to 
carry out the post-operation without any external 
position detecting mechanism. 



Claims 

1. A method of writing a sector servo pattern 
on each of a plurality of record disks (18, 62) in a 
data storage device, the method comprising the 
successive steps of (a) writing first and second 
base patterns (51, 52) on one (18) of the disks, the 
first base pattern (51) comprising a series of por- 
tions spaced along one radius of the disk, an 
individual one of the portions being situated at 
each track centre, and the second base pattern 
(52) comprising a set of pattern portions, an in- 
dividual one of the portions lying substantially con- 
tinuously over each radius of a plurality of radii 
defining the positions of servo sectors; and (b) 
writing a servo sector pattern on each of the record 
surfaces of the disks (18, 62) under control pro- 
vided by detection of the base patterns (51 , 52) on 
the one disk (1 8). 

2. A method as claimed in claim 1, in which 
step (a) is performed on the said one of the disks 
before the disks are installed in the data storage 
device and step (b) is performed after the disks are 
installed in the data storage device. 
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PRE-OPERATION 

WRITE- FIRST AND SECOND BASE PATTERNS 
ON RECORDING SURFACE 



ASSEMBLY OPERATION 

ASSEMBLE SAID BASE PATTERNS WRITTEN 
DISK WITH OTHER RAW DISK INTO DRIVE 
UNJT 



POST OPERATION 

WRITE INDEX AND SYNCHRO SERVO PATTERNS 
ON RAW DISKS BY USE OF FIRST AND SECOND 
BASE PATTERNS 
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© A method of writing a sector servo pattern for a record disk storage device. 



© In order to write a servo pattern on each of a 
plurality of record disks (18, 62) in a data storage 
device, first and second base patterns (51, 52) are 
first written on one (18) of the disks. The first base 
pattern (51) comprises a series of portions spaced 
along one radius of the disk, an individual one of the 
portions being situated at each track centre. The 
second base pattern (52) comprises a set of pattern 
CO portions, an individual one of the portions lying sub- 
^stantially continuously over each radius of a plurality 
of radii defining the positions of servo sectors. A 
^sector servo pattern is then written on each of the 
53 record surfaces of the disks (18, 62) under control 
«w provided by detection of the base patterns (51, 52) 
<^on the one disk (18). The latter operation of writing 
Wthe sector servo patterns on the disks need not be 
performed in a clean room. 
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